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I.
My observations of the pressure found in the rectum in various postures in pregnant women-the list of which is before you and on which this paper is based-show that that pressure as a rule is increased considerably in pregnancy. All these observations, except that of Case 5 (in which the subject was a private patient and married), were made on inamates of an institution, 1 where single women who had become pregnant were not only confined, but actually lived for many months of their pregnancy. I have records of twenty-four cases. Of these, nineteenlwere primi-gravide; five were second cases. Records from two non-pregnant womnen are given as guides to the normal-making twentysix cases. Many of the patients were examined at different times of their pregnancy; and eleven of the primi-gravidee and three of the secundi-gravidee after labour as well-making fifty-eight observations in "I The Homes of Hope," 4, 5, and 6, Regent Square, London, W.C. all. It will be noticed two of the primi-gravidae were suffering from the toxwemia of pregnancy, and that the figures obtained from them are strangely high. I include them here, because they came in the series. The first formed the basis on which my opinion, that this disease is to be explained mechanically, arose-an opinion I stated before this Section in February, 1909. In spite of the summary dismissal of this opinion at that time, it was destined to receive, a month later, remarkable support from the even higher figures obtained in the second case. And prolonged thought during the last four years has established it for me; and I believe, when I come to deal with it, I shall be able to substantiate it in every particular. I make that statement now, because I wish to engage your interest in the subject before us-the intra-abdominal pressure in pregnancy. It is this which when exaggerated causes, in my opinion, the toxiemia of pregnancy. But it is too big a subject to be dealt with fully in one evening. Many of the initial difficulties have been considered in my lecture on the same pressure in man-i.e., in the non-pregnant-to which I beg to refer you [18] . Others must be left over for future consideration. To-night I shall limit myself to the statement that the pressure within the abdomen and above the uterus is increased in pregnancy.
My method of investigation of the pressure within the abdomen during pregnancy was divided into two parts. The first referred to the volume of the abdomen, the size of the pelvis, and the state of the muscles; the second to the pressure found in the rectum. As regards the first, I measured the diameters of the pelvis; the girth of the abdomen, at the level of the thoracic base and at the umbilicus, both at rest arid at the height of a deep breath; the separation of the recti; and the distance along the superficies of the abdomen from the summit of the symphysis pubis to the ensiform cartilage and on to the suprasternal notch, the latter measurement being taken both at "rest and at the height of a deep breath. All these were taken with the patient lying flat on her back; but when the separation of the recti was being measured the patient was asked to raise her head slightly to render prominent the margins of the recti so that they could be defined. When this had been done, the patient having turned on her side, I introduced a small bag (an ordinary thin rubber finger-stall), partially distended with air, and connected by a tube with a mercurial manometer (such as I show) into the rectum, and recorded the pressure in different postures. My method was to keep my eye on the manometer, and to call out the figures, which were entered in a book by someone else.' In the records submitted, the pressure values are given in the sequence in which they were usually obtained. After the bag was got into the rectum the first figure was read out. The patient was then asked to cough: the mercury then should rise to a considerable height and return immediately. If it did not rise well, it showed something was wrong and the bag was adjusted. The patient was next asked to turn on her back and to lie quite flat. The resulting pressure was always higher than when on the side, as it is in the non-pregnant (a significant relation), and in some cases almost as high as when the woman was standing erect (as in Cases 7, 8, 9, 10 and 14;  in 15 it was even higher).
Next the patient got into the knee-chest position. To obtain a negative pressure, the thighs had to be vertical, the sternum on the couch, the back well arched. Even then, in some cases, no negative pressure was found, for instance, in the toxtemic cases. Then she turned on her side again, and the pressure again read. It was often found, after this manceuvring, that -the reading now obtained was lower than when the bag was first introduced for the same position. The agitation, fear of the unexpected, had passed away; the patient had got accustomed to the performance, and the mauscles, we may take it, were not more contracted than usual for this position. Moreover, the diminution of the pressure in the rectum (due to the knee-chest position), and the variations caused by movement from one posture to another, had allowed the bag to adjust itself to its surroundings, so probably the reading gave a true value of the pressure. Now see the remarkable difference exhibited by a comparison of the pressure values found in the left lateral position-the patient lying with the thighs and legs flexed, at ease-in cases of pregnancy with those found in non-pregnant women with flat abdomen in similar position. Whereas in the latter the pressure was only 6 to 8 mm. Hg., in the former it was often twice as much, and in some cases more than three times (as in Cases 1, 7, 9, 12, 13, 14, 15 and 16) : and especially was this pressure value marked in the two cases of toxcemia of pregnancy (Cases 18 and 19: 18 mm. Hg. in the first, and 22 to 37 mm. in the second).
The patient was next asked to get off the couch and to stand straight up. The pressure values found were usually higher than in the I The figures called out did not represent the pressures to which they referred. This was worked out, subsequent to the examination, by subtracting from the figure at which the mercury stood for any one posture, the figure representing the zero point. The remainder was tben doubled, since, as the mercury rises in one arm of the manometer, it sinks as much in the other. non-pregnant, but not so much as to be in proportion to the values found in the lateral position and when on the back: 30 mm. Hg. was quite comrnon. In the toxcemia cases they were extremely high; in the second, the highest of all. The patient, still standing, was now asked to bend forwards: the pressure generally fell as it does in the non-pregnant, but nothing to the like extent. Next she was asked to catch hold of the leg of the table and to raise it -generally with a considerable elevation of the pressure. Next she got back to the couch and the pressure in the left lateral position again read; and finally was asked to strain, and then the tube was removed. On straining, the pressure did not always rise as much as one expected.
In many cases, in the columns, double figures are given. You will not be surprised at those variations, which represent the highest and the lowest of a reading. Where single figures are given, the pressure was quite steady, as it often is, and represents the pressure value. It must be remeinbered that even small movements cause changes in the pressure, and that slight alterations in posture also do so.
II.
Now the question is, What is the interpretation of the increased pressure found in the rectum in pregnancy ? Is it due to the increased weight of the uterus and its contents ? Or is it due to an increased tonic contraction of the abdominal wall and thoracic diaphragm? In the past it seemns the former belief prevailed. It has been thought that the abdominal wall and-thoracic diaphragm play no part in the increase of rectal pressure; that the pressure above the uterus, for instance, on the liver and kidneys, is not increased. It is said the abdominal wall yields to the distension of the uterus, like it does when food is taken into the stomach; and by a relaxation prevents a rise of pressure. Thus, Schatz [20] , in 1872, measured the pressure in the rectum by connecting it with a water manometer in two cases of normal pregnancy -the first a moderately strong secundi-gravida, aged 22, in the ninth month of pregnancy; the second a normally formed primi-gravida, aged 25, at the end of the sixth month of pregnancy-and, in spite of the much higher values obtained in these cases, as compared with those he had found in the non-pregnant, said: " The intra-abdominal pressure often does not rise at all through the mnarked distension of the abdomen by the uterus, or it even sinks at the end of pregnancy" [19] . The following are the figures Schatz gives. Side by side with these I place the figures given by him as the pressure values in the rectum for corresponaing positions in the non-pregnant-all in centimetres of water. Schatz explained the marked increase in pregnancy as due to the increased weight of the uterus-which the readings in the supine, but especially in the lateral position, can hardly be said to support. He said the intercostal muscles hypertrophy in pregnancy, and by raising the ribs cause an expansion of the thoracic base, as Matthews Duncan [4] thought. But he went further and said that in the latter months of pregnancy the enlarged uterus acts as a prop, and by thrusting the abdominal wall forwards prevents it from coinpressing the epigastric viscera as much as it otherwise would do. Thus he came to the opinion that the pressure in this region is not raised at all, or perhaps even sinks at the end of pregnancy.
Moritz [12] (1895), who made exhaustive examinations of the pressure in the stomach, both on himself and on others, examined the pressure in the stomach in five cases of pregnancy. He gives the following figures as the minimal and maximal pressures found in these cases in the sitting posture:
(a) Ninth month (? para'), aged 21 " ' para " here should presumably read "gravida. "
He says: "Only in two of these cases, (b) and (d) did the maximal pressure exceed the maximal limit of 16 cm. of the normal condition.
In the other cases the maximal pressure was within the normal limit; whilst the minimal fell within it in all cases."
Comparing these figures with those Moritz gives for the nonpregnant, we find that the average of numerous measurements on himself of the pressure in the stomach in the sitting posture was only 8 cm. H20. Only in the last of the cases of pregnancy was the average lower than this. So it is plain from his figures that the stomach pressure in pregnancy not only may be greater, but usually is greater, than in the non-pregnant, even though the increase be small. And they at once put Schatz's supposition that the pressure in the stomach either remains the same or even falls in pregnancy out of court. The fact that the pressure in the stkonach is always positive shows how erroneous was Matthews Duncan's hypothesis. But Moritz has given other figures for the pressure in the stomach in pregnancy [13] . Side by side with these I put the figures given by Moritz as the average of six determinations taken on himself in corresponding positions, which will serve as an index to the non-pregnant, and which he himself gives as the normal.
(C) Secundi-gravida, aged 21, eighth month of pregnancy Now comparison of the pressures found in the cases of pregnancy with those in the non-pregnant show at once that the values in pregnancy are considerably greater. But Moritz has given figures in a girl, presumably non-pregnant, which compare very favourably with those of Cases D and E; and in one of the six determinations on himself, from which the averages given were taken, he gives very similar figures. This being so, we will discount Cases D and E. The increase such as they show may have been due to pregnancy or to some other adventitious cause. But let us fasten our attention on Case C. It is plain at once there is something wrong here; for in this case the pressure in the stomach in the left lateral position is not only greater than that Moritz gives as the average for that position in the nonpregnant, but the pressure in the right lateral position, which usually is much lower than that in the left (because of the liver weight) is here equal to the pressure in the left lateral position. In all the other cases it is much lower. In Case A (Experiment 6), in which Moritz found in himself the pressure in the left lateral position to be 19 cm. H20, in the right it was only 5 cm. ! This is a significant difference.
The fact that the pressures found in these two positions in Case C were the same, and very nearly the same, as that found when on the back is of much more importance than the absolute values.
Moritz does not attempt an explanation of the figures obtained in this case, which he describes as an isolated exception. Isolated exceptions, however, are of great value; they are indications of the real state of affairs. They probe generalizations, and if the generalization takes no account of them, or cannot explain them, or is inconsistent with their existence, they show the generalization is invalid-that the rule is no rule. Provided one can accept these figures as really showing the pressures existing in the three positions-and Moritz had so much practice and his technique was so good that I think one can accept them, for he says not a word to lead one to suppose they were erroneous-what explanation of them can be given other than that in this case the pressure in the stomach was increased, and increased by an increased tonic contraction of the abdominal wall and thoracic diaphragm-the only possibility? For just as it is easily intelligible that when the tone of these musculatures is low, as it usually is in the lateral positions, that the weight of the liver should cause an appreciable difference in the pressure found in the stomach, according as to whether the liver is situated above it (as in the left lateral position) or below it (as in the right), so it is obvious the effect of the liver .weight will become less and less important as a factor in the stomach pressure as the tension of these musculatures is increased.
Moritz, who believed the pressure in the abdomen in the nonpregnant is due to the visceral weight, and not at all, or scarcely at all, to the tonic contraction of the enclosing musculatures, did not attempt to explain the increase, or tendency to increase, in pregnancy, jy-13 as shown in these cases-he passes it by; and Hormann, in 1905, referring to them, says the increase Moritz found was at most quite unimportant and so dismisses it. It is especially noteworthy, says Hormann [8] , that in consequence of the extraordinary elasticity of the abdominal wall musculature, verv considerable increase in volume of the abdominal contents, both physiological, as occurs on ingesting large meals and in pregnancy, and pathological, due to slowly growing, tumours and gradually increasing ascites-may occur without causing any tension of the abdominal wall musculature, and therefore without producing a rise of pressure within the abdomen due to this cause. He tells us he has made numerous observations of the pressure within the rectum, "in lying-in women, individuals with flat abdomen, in late pregnancy, in patients with large tumours-e.g., considerable ascites "; and that he " found no difference in the pressure which was not completely explained by the altered statical conditions." He says: "Even if I found in the latter months of pregnancy in the erect posture average values of from 30 to 34 cm. H20, and on the other hand, in lying-in women and individuals in whom the abdomen was flat and lax, values of only 16 to 18 cm. H20, this difference is adequately explained by the weight of the uterus with the liquor amnii and foetus bearing on the rectum in the former cases, without a tension of the abdominal wall participating in its production. Even with quite large tumours-e.g., ascites (due to carcinoma of ovary, 20 cm.), large fibroid reaching to the navel (22 cm.) , ovarian tumour to the costal arch (26 cm.)-I found no higher pressure values than Schatz found in very many measurements on normal individuals in the rectum when quietly standing."
That increase in volume of the abdotminal contents may occur without increase in pressure has been shown by many writers. ' We may allow that the ingestion of food in imoderate quantities does not cause a rise of pressure, either within the stomach or between it and adjacent organs. Indeed, Moritz found on two occasions an appreciable fall (1 to 2 cin. H20 and 3 cm. H20). But we must remember that even slight changes in the posture of the body, changes in attitude-e.g., flexion and extension of the spine, elevation of the chest-cause considerable changes in the stomach pressure even when its volume is constant. But we may admit that in the stomach no great rise, or no rise, or a slight fall, occurs in the pressure when the I See Braune, 1865 [1] ; Weisker, 1888 [22] ; Kelling, 1895 [10] ; Moritz, 1895 [12] ; Hdrmann, 1905 [8] ; Hertz, 1911 [7] . stomach volume is being moderately increased, especially in people with flat abdomens; and that this fall is caused by a reflex diminution in tone of the abdominal wall muscles and diaphragm. And it has seemied to me the sane may happen in early pregnancy; that in the early stages the enlarging of the uterus is associated also with a diminution in tone of the enclosing mnusculatures, with a fall of intraabdominal pressure, occurring especially at night. In this way I have explained to nmyself the morning sickness of pregnancy; for such a relaxation would affect the epigastric viscera, permitting a nocturnal dilatation of the stomach, and probably interfering with the normal functioning of the liver. But the admission that this is so does not show the intra-abdominal pressure is not increased, and maintained increased, in nidand late pregnancy. In respect to this non-increase of pressure in the stomach (and epigastrium) on taking food, Kelling (1895) [10] makes an interesting and enlightening observation. We can understand, he says, that the pressure in the rectum need not necessarily increase when we load the stomachwith food; since it is one of the simplest of hydrostatic laws that the pressure on the floor of a vessel is not dependent on the mass of contents-e.g., water-it contains, but only on the vertical distance of the floor from the surface level of the contents.
The earlier writers laid great stress on the observation that the pressure in the rectum is such as to support a column of water as high as the highest part of the abdominal cavity for any position: and, since they said the specific gravity of the collective viscera (with contents) equals approximately that of water, they argued that the pressure in the rectum is due to the visceral weight; and that the belly wall musculature plays no part in its production. But the pressure in the rectum in the lateral position and in the supine position cannot be explained on that hypothesis; nor can the fact that the pressure in the rectum in these positions is greater than the pressure in the stomach in the right lateral and supine positions respectively. And, it is obvious if the pressure in the rectum, in the erect posture, is due to the weight of the visceral column, that however much the visceral mass should increase, the rectal pressure should not vary unless the visceral height also varies: that change in the pressure should correspond with change in the height of the visceral column-i.e., with the position of the diaphragm. Indeed, Weisker attributed the respiratory excursions of rectal pressure to this change in level of the diaphragm-a conception unpleasantly illuminated by finding that on abdominal inspiration the rectal pressure rises as the diaphragm descends, and the height of the visceral column is reduced [22] .
The application of Kelling's enunciation, all unconsciously made,' enlightens Hdrmnann's position with a lurid glare, rendering conspicuous his hidden contradiction. It is clear Hormann's explanation of the increased pressure values found in the rectum in pregnancy is invalid.
The increase cannot be due to the increased visceral weight, for the specific gravity of the pregnant uterus with contents, like that of other viscera, is approximately that of water, and the level of the diaphragm is not so much elevated in pregnancy to account for it. According to Hormann's figures, the height of the visceral column would have to be increased 12 to 18 cm., the diaphragm to be raised more than 4 to 7 in., to correspond with it. Moreover, the variations found to occur in different pregnant women are not explained by a variation in height of the visceral column, or indeed by a difference in weight or of volume of the visceral mass. In some cases the pressure is greater than in others; is, for example, greater as a rule in primi-gravidae than in multigravidae, in spite of the child generally-being larger and heavier in the latter. And in others, even in primi-gravidae, the pressure is not greater, or not much greater, than in the non-pregnant, although the pregnancy is advanced and in other respects quite normal (as in Cases 2, 3, and 4 of the records submitted). Further, in the same patient, the rectal pressure is greater when sitting than when standing, as Schatz's cases show (so also Cases 9 and 10 of my list), in spite of the fact that the height of the visceral column remains approximately the same; or, indeed, on account of the flexion of the spine and the rotation forwards and upwards of the pelvis which occurs on sitting, is probably reduced. Schatz's explanation of this-that it is due to the pressure upwards upon the soft parts occluding the pelvic outlet by the surface on which the individual is sitting-will scarcely find credence.
Just as Hormann found a difference in the rectal pressure before and after labour, so he found a difference (but a lesser one) before and after removal of the fibroid and ovarian cyst in the respective cases referred to. The same criticism advanced against his explanation of the former applies also to the latter. It is plain, Hormann's explanation of these values contains a contradiction. Similar increase in volume or in mass of the abdominal contents should result in similar pressure For, although Kelling [11] was forced later (1903) to admit, by his own reasoning, that the muscular walls of the abdominal cavity do participate in the pressure production, at this time (1895) he held that the pressure in the rectum is due to the visceral weight alone and not to the belly wall musculature at all. values, but they do not. It therefore follows that the pressure values are not due, at least by itself, to the visceral weight, but that some other factor is involved in their production. And the only other possibility, the only other factor, is the force exerted by the " tension " of the abdominal wall and other musculatures enclosing the abdominopelvic viscera.
And in spite of the indisputable evidence that increase in volume of the viscera may occur without increase of pressure within the abdomen, there is also clear evidence in the literature (to which I must refer readers) that a rise of pressure occurs when the distension exceeds certain limits. This, after all, is easily intelligible: theoretical reasons alone would lead us to suppose it occurred. Even although it be admitted that a relaxation of the abdominal wall (and thoracic diaphragm) occurs when food is taken into the stomach, it is not to be supposed that the relaxation is complete, that the tonic contraction of the enclosing musculatures has disappeared. And even though a fall in pressure occurs immediately after taking moderate quantities of food, it cannot be supposed the fall long persists, but that the pressure gradually and soon rises to its ordinary level. The feeling of emptiness immediately after a small meal, which often surprises one, and which is perhaps due to an accompanying relaxation of the belly wall muscles, does not last long. It is replaced by a feeling of satisfaction or sufficiency, due, so it seems to me, to the passing away of this partial relaxation. Nor can it be thought this relaxation would go on, that the tonic contraction would become lesser and less-ad infinitum-if the visceral mass should progressively increase. For, if so, and if the enlargement of the abdomen became permanent, as in corpulent people, one would expect the abdominal wall to have become weaker and weaker, instead of stronger and stronger, as we know it does. That it is stronger in such individuals (other things being equal) clinical examination shows. Presumably this relaxation has a limit. At least, in the case of the stomach, a stage is soon reached in which definite sensations of fullness or of distension are produced, which clearly are not altogether due to distension of the stomach itself, since they are relieved by loosening the clothes-e.g., by undoing a button-or by altering the posture. In the case of pregnancy, the relaxation of the abdominal wall (and thoracic diaphragm) probably associated with the enlarging uterus also has a limit. That limit is reached when the uterus, entering the abdomen, begins to bulge the abdominal wall. From this time onwards the pressure not only in the pelvis but in the abdomen above the uterus begins to rise, and although in the latter months of pregnancy it may begin to fall, it is maintained increased in many cases throughout that period.
III.
So far we have seen the pressures in the rectum found in pregnant women indicate the pressure in the abdomen-and above the uterusis increased in pregnancy. The view that these are due to the mere weight of the enlarged uteruis has been shown to be untenable; for the arguments on which this view is based are invalid. The remarkable pressure found in the rectum in the lateral position, the patient lying at ease, is clearly irreconciliable with the hypothesis that the rectal pressure is due in this position to the uterine weight. It shows the viscera are thrust into the pelvis with a force greater than in the nonpregnant in the same position, and is only to be explained by supposing that the tonic contraction of the abdominal wall and thoracic diaphragm is increased. The figures given by Moritz for the stomach pressure in pregnancy indicate this is certainly so-at least in some cases. And if the figures from all his cases are not sufficiently high at once to substantiate our opinion that an increase in tone in pregnancy is the rule, they do not render that opinion untenable-as we shall see. Many observations might be brought forward in support of this conception: for instance, the relation of pregnancy to heart disease; its influence in pneumonia; its remarkable effect on many multi-gravidee, who say they never feel so well, and certainly who never look better, than when they are pregnant. These well-recognized relations are only to be explained by supposing the intra-abdominal pressure is increased in pregnancy. But interesting and important as they are, I leave them aside to-night; for the proof that the intra-abdominal pressure is increased in pregnancy does not rest with them, but with the condition in pregnancy of the muscular sheets enclosing the abdomino-pelvic viscera. For, if in the non-pregnant the intra-abdominal pressure is due mainly to the functioning of these musculatures, and if the visceral weight, though subsidiary, is yet an unimportant factor, then, in pregnancy, if the intra-abdominal pressure is persistently increased, and is due to the increased functioning of these musculatures, and not merely to the increased visceral weight, these musculatures should show some structural change. And so they do! A comparison by palpation of the pelvic floor musculature in women with flat abdomens, and in those who are pregnant, reveals this muscu-lature becomes hypertrophied in pregnancy. The statement that this is so has appeared in my writings [15] , but as far as I know, has neither been corroborated nor refuted by contemporaries. Dickinson [3] , however, in 1889, made the same statement, but drew no conclusion from it. Yet it is an important observation, for if the pelvic floor resists the down-thrust of the pelvic viscera, its hypertrophy can only mean that this down-thrust is increased-that the intra-abdominal pressure is increased in pregnancy. The anterior parts of the levator ani muscles-those which form the lateral and posterior boundaries of the aperture in the pelvic floor through which the urethra, vagina, and rectum pass to quit the pelvis [17] -are easily felt to be greatly strengthened by a considerable increase in mliass in pregnancy. In virtue of their functioning, not only are these visceral canals occluded by being compressed against the pubic arch in front, but the aperture in the pelvic floor through which they pass-conceived by so many to be a patent foramen-is itself occluded, and thus visceral extrusion-more likely in pregnancy because of the increased pressure within-is prevented. Thus is their hypertrophy easily intelligible.
And of equally important significance is the remarkable development of that part of the pelvic floor musculature arising from the ischial spine-the posterior part of the ilio-coccygeus and adjacent part of the coccygeus; the part, indeed, which, so thin in non-pregnant women, has been denied any functional value. This can now be felt, especially in primi-gravidae, as a thick, fleshy mass, painful on squeezing between the vaginal finger above it and the thumb on the skin below it, and hardening on coughing, indicating its nature. It can be traced from its origin, the ischial spine, inwards to its insertion, the coccyx and ano-coccygeal ligament. With its fellow of the opposite side, afid the osseo-fibrous raphe between, it forms a strong and broad sling, passing in a gentle curve from side to side of the pelvic outlet. Situated far behind the line, through which gravity acting on the enlarged visceral mass in the pregnant woman must fall, its curvature is placed in a plane which passes obliquely upwards and forwards through the transverse diameter of the brim, approximately at right angles to the brim. Clearly, it is especially adapted to resist efficiently the pressure impulses with which the whole uterus, enlarged by pregnancy, is thrust downwards and backwards towards it from the abdominal wall, as occurs with every movement, every respiration, of the woman.
It may be supposed, this hypertrophy is due to the progressively increasing weight of the uterus, which at term is considerable. But we find the muscular development corresponds, not with such increase of visceral weight, but with increase of visceral pressure. Thus, the hypertrophy is best marked in young, strong, robust prinmi-gravida-in individuals, that is, in whom the whole body musculature is well developed. It is not so well developed in primi-gravid&e who are not physically strong, nor is it so conspicuous in naulti-gravidae, although the child is often larger, and the pregnant uterus therefore heavier. And it is just in the strong and well-developed primi-gravidae that the highest pressure values are found, as a comparison of Cases 1 and 4 of my list shows.
In the case of the abdomen a recognition of the state of its enclosing musculatures-the abdominal wall and thoracic diaphragm-is more difficult, for one cannot palpate them in the same way as in the case of the pelvic floor musculature; one cannot arrive at a -very definite opinion as to their thickness, and in the case of the diaphragm palpation of any kind is impossible. But a consideration of their condition in pregnancy, and a correct interpretation of this condition, are highly important. It is clear from inspection of the pregnant abdomen, especially near term, that a very great change has occurred in the abdominal wall. Two phenomena stand out for consideration: (1) The increase in superficies; and (2) the separation of the recti. The increase in superficies of the abdominal wall affects all its muscles; the increase occurs not only in the transverse circumference, but measurements easily show the vertical arc has increased, that the i ecti have become longer. The difference in girth of the abdomnen at the level of the ulmbilicus in late pregnancy and, say, three weeks after confinement appears from my figures to be about 7 or 8 in.; but much depends on the condition of the abdomen at the time of the second reading. The greatest difference in my series occurred in the second case of toxaemia of pregnancy; the difference in girth two days before and eight days after labour was 11 in. But it may, of course, be much more. In cases of twin pregnancy, for instance, the abdomen mnay measure more than 40 in.; in one of my private cases it reached 451 in. Subsequent to labour a very considerable diminution had occurred. From the few cases in which I measured the length of the recti muscles before and after labour it is clear they may increase as much as a third of their original length during pregnancy (see Case 9), although often it is much less than this.
Whether the recti abdominis muscles are hypertrophied or not, they are certainly very well developed in pregnant women; and the suggestion is they are hypertrophied. Indeed, there is very good reason to suppose this is so. It is difficult to believe their increase in length is due to passive relaxation, for that would mean their functional capacity was reduced; whereas, owing to the marked increase in weight of the body, and the advance of the centre of gravity due to the protrusion of the abdomen, a greater work for the recti becomes necessary for the maintenance of equilibrium. Schatz found that the pressure in the rectum in the erect posture was increased when the individual inclined backwards, but fell on bending forwards. The increased pressure in the former position can, I think, only be explained by an increased action of the recti. One has but to stand upright and palpate the recti muscles (even through the clothes) to feel that they distinctly increase in hardness when one inclines backwards. Similar palpation of the abdomninal wall outside the recti shows no such increase. And, as is well known, the carriage in late pregnancy is altered in this way.
The recti, of course, are mainly concerned with the body equilibrium, but they cannot but affect the pressure in the abdomen when this is full; and especially must they do sb in pregnancy, when the visceral mliass is greatly enlarged by the enormous growth of the uterus. Clearly, they will do this most in extended positions when they are stretched, as when the individual is standing erect, or lying supine. But in flexed positions of the body, as in the lateral or when bending forwards, they will have less effect, because their origins and insertions are nearer each other, and a passive shortening of the muscles occurs. The abdomen bulges, it is true; but this, whilst it causes a lengthening of the transverse muscles of the abdominal wall, causes the vertical to become less. The strange and unexpected increase in the rectal and gastric pressures found in the supine compared with the lateral position (in the case of the stomach, with the right lateral) seems to me only explainable by the effect the supine position has in increasing the tension (i.e., the tone) of the recti. This occurs in the non-pregnant as in the pregnant, but the relative increase is, in most cases, much greater in pregnancy.
We are here on the brink of a most important discovery: that the active elongation of a muscle, due to its being stretched, is associated with, or causes an increase in tension or tone (an increase in tonic contraction) of that muscle. The increase in tone of the recti in the supine position compared with that in the lateral, indicated by increase in pressure, can only be accounted for by the increase in length of the recti the supine position causes. For there is no physiological reason why the pressure should be greater in the supine over and above that in the lateral position, such, for instance, as there is when the erect posture is assumned,l and examination of the limb muscles confirms thisopinion. The tone of the biceps of the arm (as shown by palpation of its tendon) is greater when the arm is in a position of passive extension than when in one of passive flexion. The same is found in the case of the hamstrings. A good example is the pectoralis major. When the muscle is palpated in the supine position, the body and limb being supported completely from below (so as to eliminate the effect of gravity), the tone or tension of the muscle is felt to be distinctly and very much greater when the arm is in a position of passive abduction (in which case, of course, it is actively elongated and its fibres stretched), than when in a position of passive adduction (when its muscle-fibres are very much shorter). Obviously this-for us-is of profound importance.
With the knowledge that the recti are considerably elongated (stretched) in pregnancy, that there is above this a need for their greater functioning, and that considerable variations in their length passively occur-with change of posture-and especially that during the long hours of night, generally spent in the lateral position, their length, and so their tone, is diminished-conditions which are the essentials for hypertrophy-we cannot but suppose their hypertrophy occurs. Indeed, that the recti are not hypertrophied in pregnancy is unthinkable.
The other mnuscles of the abdomninal wall-which after all are those mainly concerned with the pressure conditions within the abdomen, as their phylogeny shows-are the two obliques and the transversales; but, for the sake of simplicity, we will omit the obliques and confine ourselves to the transversales. These, which extend throughout the abdominal wall, from the pubes to the ensiform cartilage, always act together; and the tension caused by their contraction becomes effective, since they are united anteriorly by the median aponeurosis, a strong fibrous membrane situated behind the recti, and forming part of the sheaths of those muscles. The two transversales and the median aponeurosis collectively form a compressing mechanism, embracing the visceral mass; for they consist of transverse fibres, and can have no other effect than to compress the visceral mass and to cause a pressure within the abdomen-they cannot, for instance, have any direct effect on the maintenance of body equilibrium, like the recti have. I Necessity for increased supply of blood to the heart, so that an adequate blood supply to the brain may be maintained in spite of the effect of gravity. 0 What is the condition of the transversales in pregnancy ? Obviously, they are not in the same condition as before. Their muscle-fibres have become at least longer; for the width of the diastasis between the recti does not account for the difference in girth between the pregnant and non-pregnant abdomen. My measurements show that at once. But to understand their condition we must inquire into the nature and cause of the separation of the recti-the second phenomenon we mentioned, spoken of as a physiological separation, and so dismissed by writers. This separation occurs, as everybody very well knows, in the great majority of pregnant women who reach term. It is only found to any nmarked extent in the later months of pregnancy; and in some cases it is much less than in others.' And it is more or less peculiar to pregnancy, or is associated with pregnancy; if present in a nonpregnant woman, that woman has previously been pregnant. Eccles [5] says: "Rarely an abdominal tumour may produce a like separation in the male sex." If so, it mlay similarly be produced in nulliparous women by tumours: but if it occurs in such cases, the separation must be so small that it is not comparable with the condition in pregnancy. But I am very sceptical of these reputed cases; the only other condition besides pregnancy in which I know it to occur is in early infant life.
Subsequent to pregnancy the separation of the recti usually disappears; and even though *the contents of the abdomen may later become so much increased that the circumference of the abdomen exceeds the average girth of the pregnant abdomen at term, it does not necessarily recur. In a woman I examined, past middle age, in robust health, and who had had several children, the circumference of the abdomen was 40 in. -in excess of the average girth in late pregnancy-yet no separation of the recti was present. She was a very vigorous and corpulent person. I venture to say this is the normal condition in all healthy corpulent people. Separation of the recti does not occur as a result of corpulency-that is, of an increase in volume of the visceral mass, equal to or even greater than that occurring in pregnancy.
This, at first sight, extraordinary difference in the effect produced by enlargement of the visceral mass in pregnancy and corpulency is, I believe, to be explained quite simply-by the time taken by the increase to occur in each case: difference in content (fat and pregnant uterus) cannot be supposed to explain it. For whilst the deposit of fat-in the I The greatest separation I have seen was in the case of twins already referred to; here it measured 50 in. But in my list the largest was 3 in. mesenteries, renal regions and subperitoneal tissues-is a slow process, taking perhaps one or two years to occur, in pregnancy the increase in volume of the visceral mass caused by the growth of the uterus is much more rapid, the great increase (beginning, say, at the end of the third month) occurring in about six months only or even less. So also the relatively slow growth of tumuours, such as fibroids and ovarian cysts, explains the usual non-separation of the recti-the muscles of the abdominal wall have time to adapt themselves to the increase; whilst, on the other hand, the rapid enlargement of the abdominal viscera in infants, caused by the taking of food (milk) and the increase in mass, and so in volume of the visceral tissues themselves, associated with digestion, &c., coupled with the sudden descent of the diaphragm becoming more and more permanent (due to respiration), seems to explain the separation, such as it is, seen in them.
Since in corpulency, as in the non-pregnant with flat abdomen, non-separation of the recti is the normal condition, the separation in pregnancy, though usual in that state, is not normal: it is pathological, not physiological.' Clearly, -the recti themselves can have nothing to do with it, for when their contraction is increased, as when a woman lying supine raises her head, they tend to come together and to reduce the diastasis. The separation is due to a stretching of the linea alba, the median part of the aponeurosis uniting the flank muscles. Obviously, the separation is associated with the pull of the flank muscles: it is associated with the burstina effect caused by the enlargement of the visceral mass: it is evidence the flank muscles resist the distension. Now, in corpulent people who are robust-i.e., in whom the whole muscular system is vigorous (the usual condition)-it must, I think, be allowed the transversales are hypertrophied. The muscle-fibres are clearly much longer than in slim individuals; palpation reveals their excellent functional condition-the hardness of the flank muscles is evident when they are made to contract by getting the individual, lying supine, to raise the head and shoulders. Moreover, measurements of the pressure in the rectum show the intra-abdominal pressure is much increased-an increase which cannot be explained by the increase in visceral weight. Case 5 on my list is the record of a young woman, aged 19, exceedingly strong and very stout. She was, it is true, eight to ten weeks pregnant, but this cannot be taken as explaining the very high pressures found in the rectum, which in the left lateral position I To say the separation of the recti is physiological is to beg the question. We might just as well say disease and death, because usual, are pbysiological. registered as much as 20 to 22 mim. Hg. A comparison of her record with that of another primi-gravida (Case 11), not stout, but a few weeks pregnant, shows a very marked difference in the pressures found, indicating the increase of pressure present in robust, corpulent individuals. All such corpulent people-and in the absence of pregnancy-show a well-marked hypertrophy of the pelvic floor musculature; that is quite a common experience. Obviously, too, from what we have already said, the recti must be hypertropied in such individuals. And there is no difficulty in admitting the transversales are similarly hypertrophied. It is impossible, then, to imagine that the increase in volume of the visceral mass-from the slim to the obese-in individuals leading active lives is associated merely with a gradually increasing relaxation of the transversales; that the muscles in the latter state have only been and only are passively relaxed. On the contrary, we see the very opposite has occurred: with the gradual deposit of fat within the abdomnen the muscles have become hypertrophied.
An adequate relaxation, occurring for a sufficient time each dayi.e., during the twenty-four hours-is, as we have said, necessary for the hypertrophy of muscle-for any muscle. Hypertrophy occurs because the muscle has to do more work, or its stimulation is greater; but this work or stimulation must not be continuous, it must be intermittent, and in the intervals a sufficient relaxation must occur. This is an essential condition. It is true of every tissue in the body; without adequate relaxation, atrophy or degeneration ensues. The fact that an uncomplicated hypertrophy has occurred in the transversales in corpulency is proof that the muscles have been relaxed sufficiently for a certain period during each day (i.e., at night), whilst the condition has been arising. And we have but to think of the direct effect of the elongation of the muscle-fibres on their tone, to which we have referred, and which is true of all striated muscle-an elongation which must necessarily occur in the transversales with the gradual increase in volume of the visceral mass, due to the deposit of fat-to perceive the mechanism of their hypertrophy. It is caused by the gradual increase in volume of the visceral mass, which by stretching the muscle-fibres of the transversales (i.e., increasing their length) determines their increased contraction (tonic and other) during the active part of each day; but which occurs so slowly that it does not interfere with an adequate relaxation during the resting part, that is, during each night.
But the condition in pregnancy is different. The separation of the recti shows at once that the muscle-fibres of the transversales have not 309 passively relaxed as the contents of the abdomen have been increased by pregnancy (as Hormann and others would have us believe). But it shows much more than this. It shows these muscle-fibres have not adequately relaxed even for a sufficient time each day (twenty-four hours)-at least during the period that separation of the recti has been occurring-to ensure their uncomplicated hypertrophy. They have not relaxed as much as they do in the transition from the slim to the corpulent state! They have not only not relaxed, they have actively resisted the distension; they have been forcibly stretched by the increase in volume of the visceral mass; caused by the rapid rate in growth of the pregnant uterus. For if these transverse fibres had been able to relax sufficiently even for a part of each day, not only they, but their aponeurosis would have hypertrophied. During such relaxation, their pull on their median and anterior aponeurosis would have been lessened: during their increased contraction (during the active parts of the day) their aponeurosis would have been able to withstand the strain the muscle-fibres cause. Thus, no separation of the recti would have occurred. But if the musclefibres do not sufficiently relax at any tinle, if they continuously resist the distension and are consequently forced to stretch-because the distension is progressive-the whole fibro-muscular mechanism suffers, a stretching of the whole occurs, and the separation of the recti becomes intelligible.
When a muscle becomes continuously stretched it undergoes degeneration-regression (Bland-Sutton); it becomes atrophied; not only it, but its tendon or aponeurosis. That such actually occurs in the flank muscles of the abdominal wall, during and because of pregnancy, is shown by the condition of the abdominal wall after pregnancy: it requires no further remark. So, too, the bulging of the parts between the recti during pregnancy, when the head is raised from the couch, shows the thinned-out expansion is incapable of withstanding the increased pressure within, caused by that movement. So also the similar bulging of the muscle outside the recti, so often to be seen with the same movement, is evidence that the muscle-fibres themselves have suffered. These conditions, however, are not seen so much in primi-gravide as in multi-gravidme, in whom the muscles have already suffered. Moreover, they are late manifestations, not early ones, of pregnancy.
Thus we are forced to regard the transversales in pregnancy, at least during the latter months, as undergoing an atrophic or degenerative change: theoretical considerations and actual experience show it is so. The muscles, clearly, are not in a state of uncomplicated hypertrophy as they are in corpulency. Nor are they capable of the same amount of increased contraction. This is indicated by the pressures obtained in the rectum produced by straining, and also by lifting weights. One cannot but be surprised by the relative low values obtained in pregnant women, as compared either with the non-pregnant with flat abdomen, or in those who are fat. (Compare Case 9 with Case 11, in my list.) These differences are, it seems to me, only to be explained by a loss of strength in these muscles occurring as pregnancy advances. But with this their tonic contraction-the contraction that persists during restis increased; the same two cases show the difference well. The increased pressure is not caused by the recti alone, for it is present in the left lateral position, in which the recti are relatively slack. This increase in tonic contraction, the contraction of rest, the effect of which is to maintain a correspondingly high pressure within the abdomiien as long as the increase in tone continues, is due to the continued stretching of the muscle-fibres which, as we have seen reason to believe, even persists, at least to somne extent, during resting conditions, preventing an adequate relaxation. That this is so becomes clear when we reflect on the rapid rate of increase of the pregnant uterus, and remember that this is continuous. It does not cease until the end of pregnancy; and whether we consider its effect on the transversales during resting conditions or during activity, these muscles are alike in evil case. If there were reason to believe foetal growth ceased or diminished during rest, that is, during sleep, it would be different. But, on the contrary, the probability is that it is just at this timne considerable growth occurs; for then the pressure within the woman's abdomen, although high, is yet lower than at all other times. The fact that children are generally larger in multi-gravidae, in whom the intraabdominal pressure is less, than they are in primi-gravide, in whom this pressure is greater-because the muscles in the former are not in such a good functional condition, having been previously stretched and so damaged-supports this opinion. It is reasonable to suppose foetal growth can occur more readily when the pressure about the foetus is less than when it is greater.
If this is so, and I know of no reason that indicates the opposite.
we have a ready explanation of the cause of the persistent increased tone of the transversales. For when the uterus has grown so large as to have begun distending the abdominal wall, its continued growth, especially at night, will continue to keep the transversales on the stretch. In spite of the relaxation that should occur during sleep, 311 the continued growth of the uterus takes up, so to speak, the spare room so afforded, aand prevents the pressure falling: by keeping the muscles on the stretch it maintains the pressure high. We have already seen that in the lateral position (the usual one in sleep) the length of the recti muscles is reduced, and that this position causes a bulging of the belly wall anteriorly, with an increase in,length of the muscle-fibres of the transversales. We have already referred to the direct effect of this elongation, this stretching, on the tone of the muscle-fibres. All these conditions taken together explain the condition of the transversales. Even if it be supposed that the transversales do become sufficiently relaxed at night, it is clear they must be continuously stretched during the day-the foetus grows during some time or other. When the woman is up and about, it is clear the conditions must be worse tor the transversales than during the night. In the erect posture, the girth of the abdomen is greater than when lying down. Olshausen [14] has made measurements, and finds that in primi-gravidee an increase of 4 to 7 cm. occurs, whilst in multi-gravidee it is 10 cm. Thus it is clear the muscle-fibres of the transversales are more stretched when standing than when lying down; so also, on account of the flexion of the spine, they become even more stretched in the sitting posture: thus is their tone reflexly increased. Obviously, if the foetus grows most during the day the transversales must suffer. It is, of course, well known that in spite of the rest during sleep, muscles may not be able sufficiently to recuperate to withstand the effects of overwork during the day: the stretching of the tibialis posticus as the result of prolonged standing, with the production of flat-foot, is perhaps the best example I can give.
Thus, in pregnancy, we have a condition in which the transverse fibres of the abdominal wall, like the recti, should result in an uncomplicated hypertrophy; but which, on account of the rapid feetal growth, is interfered with, and results in a complicated hypertrophy-a hypertrophy in which the tonic contraction is persistently increased, and in which consequently a degeneration ensues. Thus the pressure conditions in the normal are reversed. During rest the pressure remains high, when it might with advantage be low; during movement, when the pressure usually rises very considerably, it does not do so. The condition seems to be one of spasticity, allied to such as occurs in spastic paraplegia, in which the muscles (of the legs), though continuously and excessively contracted-causing the rigidity-undergo an atrophic change, which if the lesion persists at length leads to their complete atrophy. In paraplegia, the condition presumably arises from the interruption of inhibitory discharges from the higher centres to the nerve cells in the cord supplying the leg muscles; in pregnancy, the condition of the transversales is due to the persistent stretching to which they are subjected, caused by the progressive and rapid increase in volume of the visceral mass.
Here, too, must be mentioned the influence caused by taking food. The additional increase in volume of the visceral mass so produced is probably of real importance. Whilst it has been shown that reflex relaxation of the abdominal wall (and thoracic diaphragm) occurs when the non-pregnant individual takes food in moderate quantities-that is, in individuals in whom a spastic condition of the transversales does not obtain-this has not been shown to occur in pregnant women. Such relaxation may occur. We can readily admnit it does so during the first three months of pregnancy, and possibly it does 'so in the last. But I should like to know it does so during the other five months. That ingestion of food, in anything like large amount (i.e., large in volume), should cause anything but an increase of pressure, would surprise mie. It is difficult to believe that even a moderate amount would not cause a rise of pressure. I cannot but think that if the amrount taken be excessive, and that if this be often repeated (and some pregnant women have big appetites), the resulting increase in volume of the visceral mass would cause such a rise of pressure as to be the turning point of a pregnancy, normal in all respects as we now speak of it, into an abnormal and dangerous state.
There remains yet to consider the thoracic diaphragm. That the superficies of the diaphragm is increased in pregnancy is shown by the enlargement of the thoracic base, the elevation of the central tendon, the increased bulging of the cupolae into the chest. My measurements show a considerable increase in girth of the thoracic base has occurred; but it is not so marked as the increase at the level of the umbilicus. The cases are, however, few; 3 in. and 2L in. occurred in Cases 6 and 9; 5 in. was the difference in Case 19-the second case of the toxaemia of pregnancy. I have not made any measurements as to the height of the diaphragm during and also after pregnancy, as I might have attempted. But Stengel and Stanton [21] have shown that the heart, and so the diaphragm, are pushed up in pregnancy-more so in primi-gravida than in multi-gravidae. It is therefore clear that the muscle-fibres of the diaphragm have become longer. To suggest that this is due to a passive relaxation, if the arguments jy-14 advanced in the case of the transversales be valid, is absurd. Indeed, that the thoracic diaphragm has passively relaxed is unthinkable. The only reasonable condition to expect in the diaphragm-for as far as I know no post-mortem examinations have been made on pregnant women in this respect, and so no direct comparison with the nonpregnant is possible-is either that the diaphragm is hypertrophied, or that it has also undergone a spastic change like the transversales, in either of which its tonic contraction would be increased, but more so in the latter than in the former-but for our point of view it does not matter which has happened.'
There can, I think, be no doubt that in corpulent people the diaphragm is hypertrophied: when it becomes weakened in such cases we see what happens-dyspncea occurs. It is impossible to think but that the diaphiagm is hypertrophied in singers, who are usually stout; but they do not expire with their diaphragms. The diaphragm becomes hypertrophied to resist the action of the hypertrophied abdominal wall. The mere lengthening of the muscle-fibres of the diaphragm, produced by increase in volume of the visceral mass, must result in their increased tonic contraction, and must cause an increased compression of the abdominal viscera pressing the epigastric viscera downwards, preventing or tending to prevent them rising into the chest. Obviously the diaphragm has to prevent the epigastric viscera from encroaching upwards into the chest. 2 We have already seen that the increased tonic contraction (spasticity) of the transversales results from a too great stretching of its fibres, which it resists. Clearly, it must tend to force the epigastric viscera upwards into the chest where the pressure is negative: it cannot force them downwards. If the diaphragm were not to resist this visceral ascent, the negative pressure in the chest would not be able to be maintained, and the heart and lungs would cease to function.
The enlargement of the thoracic base was supposed by Matthews Duncan to be primary, to be caused by the thoracic muscles so as to make room for the growing uterus, and so to prevent a pressure on the liver and other viscera. And Schatz thought the intercostal muscles hypertrophied for the same end. It is, of course, true that an expan-' Since the printing of this paper I find a hypertrophy of the diaphragm in pregnancy has been observed. See Wood Jones, " The Functional History of the Ccelom and the Diaphragm," Journ. Anat. and Phys., 1913, xlvii, p. 308. sion of the chest in the non-pregnant does cause the pressure in the stomach to fall; and if the expansion be made with the glottis closed so that no air can enter the lungs, the pressure in the stomach may become negative. And in the earlier months of pregnancy such an active expansion of the chest may unconsciously (reflexly) be made, and probably is made, by the individual to relieve the tendency of the abdominal pressure to rise; just as in ourselves it occurs when too large a meal may have been eaten: extension of spine and elevation of the chest into a more inspiratory position does relieve the unpleasant sensations. of fullness. But it is impossible to suppose that this can go on ad infinitum. As we have seen, we have very good reason to believe the reverse is the case. The thoracic base is not only expanded by the muscles of the chest wall, but much more by the increasing volume of the abdominal visceral mass. It cannot be believed that this progressive increase can stretch the transversales and other flank muscles, as it. obviously has done, and yet have no effect on the thoracic base. The marked widening of the costal arch, and the stretching of those fibresof the transversaIes which run from one side of it to the other behind the recti is evidence of the contrary.' The intercostal muscles hypertrophy because in the presence of such a mass in the abdomen it is more difficult to cause an entry of air into the lungs. They expand the chest laterally and antero-posteriorly, so that extra room may be afforded in these diameters now that the vertical is encroached upon.
So also the tonic contraction of the diaphragm is increased for the same end-to limit the diminution in the vertical diameter.
IV.
That the intra-abdominal pressure is raised in pregnancy, and in a very considerable degree, is clear from these considerations. The abdominal wall musculature and thoracic diaphragm, in virtue of their increased tonic contraction-a contraction obtaining quite apart from bodily movements, associated either with general activity or with visceral acts (straining, vomiting, and cough), and which is persistent during so-called rest-cannot but compress the viscera placed between them to an extent much greater than occurs in non-pregnant women under-It is significant to notice that here, in the normal, the median aponeurosis is so much reduced in width that towards the ensiform cartilage the muscle-fibres of the transversales, arising from one side of the costal arch, pass into the corresponding muscle-fibres arisingi from the opposite side without the intervention of fibrous tissue (Quain's " Anatomy ").
316 Paramore: Intra-abdominal Pressure in Pregnancy similar conditions. Even in corpulent, non-pregnant people it can be postulated quite certainly that the pressure in the stomach is greater than in slim individuals. Indeed, clinical experience itself furnishes an indication of this in the incidence of such conditions as ptosis and dilatation of the stomach, which are much more common in thin than in stout individuals. So much is this the case that whilst the former may be said to be predisposed to this disease, the corpulent, because of the increased tonic contraction of the abdominal wall and diaphragm, are safeguarded from it. An increased volume of the visceral mass alone would not cause this difference; it is the reaction of the muscles to this increase-their hypertrophy-which determines it. Clearly the tone of a .hypertrophied muscle-the persistent contraction during rest -is greater than its tone when not hypertrophied. But in pregnant women we have an additional factor at play; we have an increase in the tonic contraction of the transversales over and above that due to its hypertrophy, an increase resulting from its spasticity, which only lessens as its degeneration occurs, and which, before this happens, must cause even higher values during resting conditions. I have thought long over the condition of the transversales in pregnancy, and believe the interpretation given of the separation of the recti is the true one. Such being the case, it is unnecessary for our present purpose to go further; it is unnecessary to make exhaustive examinations of the pressure in the stomach in pregnancy, for we have proof without that, that the pressure is raised in pregnancy. But this, no doubt, ought to be done; and I have no doubt whatever that the pressure found will be higher than in the non-pregnant, as Moritz's figures indicate.
But there are two sources of fallacy to be guarded against in reading the significance of such observations. Taking the pressure in the stomach is an unpleasant and trying business. I have had a tube passed into my own stomach (I tried to pass it twice myself but failed), and I can vouch for the unpleasantness.' But this is not all; the important point is, it upsets one. The nausea and vomiting cannot but affect the tone of the abdominal wall and diaphragm. Ohe is likely, therefore, to get too low values. Even after the tube may have been I have measured the pressure in my own stomach to verify Moritz's statement that the pressure in the left lateral position is so much greater than in the right. This I confirmed. From this little experience I learnt a " tip" of value. The tube should be passed in stages, and at each stage the patient should take a deep breath with the glottis closed. No air enters the lungs, but the increased negative pressure in the chest dilates the cesophagus, and the tube slips down well. down some time, and the patient has become somewhat accustomed to it, one cannot be sure that the values found represent the pressures under ordinary circumstances. As long as the nausea remains one cannot believe the tonic contraction of the enclosing musculatures is is as great as when no such influence is at play. This objection does not apply in the case of the rectum; a small bag in the rectum attached to a rigid tube in the anal canal causes very little, indeed no, discomfort, and does not upset one in the least. That this is so is shown by the earlier pressures found in the stomach of a single woman, pregnant, near term; the only case I have examined. She was aged 20, and expected to be delivered in a day or two. The circumference of the abdomen at its greatest part (2 to 3 in. above the umbilicus) was 424 in., increasing to 44 in. on inspiration. Considerable separation of the recti, 5 in. or more, was present. The patient was fasting-had had no breakfast. After cocainizing the pharynx a stomach-tube with two openings (but with no bag attached to its end) was passed. After the tube had entered the stomach it was connected with a mercurial manometer, and a little air was pumped into the stomach. The following pressures were found in the sequence given: It is clear from the figures, the earlier readings were too low; after some little time they became higher. But I could not be sure they were as high as they might have been. All the time the patient looked very bad, in spite of admitting for one reading she was " quite coilfortable"; she suffered from almost continual nausea with occasional attacks of retching and vomiting, so it was not surprising to get such low values. But, in spite of this, there are indications that the pressures found were higher than usually obtains in the non-pregnant.
The approximation of the values for the left and back positions, although greater than in the right, affords some evidence of this. The patient, too, was fasting; and the exalmiination was not made early but late in the morning, nearer noon than ten. Moreover, she was m-lentally very distressed at her condition, wishing her life was at an end.' But even admitting the pressures found in this case were not so miiuch lower than under ordinary conditions, as I venture to suggest, there is another source of fallacy arising from the assulmiption one is only too liable to miake-naimely, that the pressures found in the stomach at terim represent the highest pressures that mzay have existed during the preceding months of the pregnancy. This, however, is no such criterion. The separation of the recti is an indication that a degenerative change had occurred in the transversales, which is progressive until birth; and low pressures found in the stomach near term may easily be due to the resulting weakness of these muscles.
Obviously a weakened muscle will stretch more readily than one not so weak; and a yielding due to stretching, just as that due to a passive relaxation, must be associated with a tendency of the internal pressure to fall.
We have already given evidence (see p. 310) that such weakness occurs; the fact that the pregnant uterus during the last m-lonth (usually last week or two) becomes lower in the abdomnen is further evidence. The uterus is said to drop; but that is an inaccurate description. The lower uterine pole does not becomiie lower; in primi-gravidae it is already in the pelvis, and cannot get lower. What has happened is this, the abdominal wall has yielded-not relaxed, but stretchedand the fundus of the uterus has been pressed downwards and forwards by the diaphragmii, causing an increased bulging of the abdoininal wall. With this we cannot expect anything but a lowering of the pressure in the stomach. But there is another factor besides the progressive weakness and yielding of the rnuscles to be mentioned in connexion with this fall of pressure near term-the diminution in rate of increase of the uterine volume, or perhaps its decline. The forrner may occur as a 'This patient had threatened her life and was thought to have swallowed poison. That is how it was I came to pass the stomach-tube. It is obvious such a case cannot be relied on to give maximum figures. slackening in the rate of foetal growth; instead of increasing so much in lass, it consolidates; but the longer the pregnancy, presumably the larger the child. Whether an absorption of liquor amnii occurs cannot be stated; but it is quite clear what the effect of premature rupture of the membranes, so common in primi-gravidae, must be. Clearly, it mllust cause a diminution in volume of the uterus, with a resulting fall in pressure in the visceral parts above. But these changes occur late in pregnancy. Separation of the recti may begin to show itself in the sixth imonth of pregnancy, or perhaps before; but it becomes niost prolmlinent in the last three months, especially towards the end. And it is during this time that the transversales show sign of weakness; they do not in primi-gravidae as a rule show evidence of this before; it is only towards the end of pregnancy that the weakness becolmles manifest.
The reason of this is that whilst the uterus is growing actively, even the stretching of the abdoi-inal wall does not suffice to allow a fall of pressure.
Thus, we may well believe that, other things being equal, the pressure in the stomach in pregnant women, especially in primi-gravide, is not so high in the ninth mionth as before. In connexion with this, it is significant to notice that of the three cases in which Moritz examined the pressure in the stomach in the lateral positions and on the back, whereas the two which showed values little different from the nonpregnant girl examined in the samie way were in the ninth month of their pregnancies, the one in which higher values were obtained, and which were all about the same (see p. 296), was in the eighth month of her pregnancy. She was, it is true, a secundi-gravida, whilst the others wvere primi-gravidm. But does this render my argument invalid ? I do not think it does so. This is but a single case, Moritz's isolated example; but it is significant. So also, in the case I examined, a great separation of the recti had occurred, and the patient was at term. Is it unreasonable to suppose that a month before the pressures in the stomiiach were higher than I found ? Not only is such a supposition reasonable, but it is highly probable. ' There are but two other points to notice, and the first is this: The spastic condition of the transversales which leads to separation of the recti and their own weakness mu-ust arise before separation of the recti begins-for this latter is a consequence of the former. We cannot believe that before this happens the transversales are not hypertrophied, tha.t they have passively relaxed. As long as an adequate relaxation does occur-and obviously it must do so in the earlier stages of pregnancy-such hypertrophy will continue; just as it does in cases of corpulency. But when an adequate relaxation ceases to occur, spasticity begins; and this presumably goes on some time before the recti begin to separate and the muscle-fibres to stretch-for neither yields at once. Therefore it is not unreasonable to expect high pressure values in the mid-period of pregnancy. And the last point is this: Just as the tone of a muscle when hypertrophied is greater than when not hypertrophied, so much the easier or more readily will that muscle when hypertrophied be affected by the causes which lead to its spasticity. In well-developed women, therefore, a greater degree of spasticity is to be expected than in those who are not well developed. And it is just in the well-developed women in whom as a rule the pressures in the rectum are found to be most raised, and in whom the toxvemia of pregnancy is so liable to occur. Thus measurements of the pressure in the stomach in the late, or in the last month of pregnancy, are not likely to indicate the true state of affairs that has been happening during the preceding months of that pregnancy. To obtain a true picture, many observations should be made throughout pregnancy on a series of individuals, best on primi-gravidLe. To carry out such a research would be almost practicably impossible. The only kind of place in which it could be done is such an institution as I have mentioned; but to attempt it, I fear, would cause a mutiny. Still, even single observations are of value, if done with care, and if accompanied with the necessary details of the physical condition of the patient. Especially would such be of value in cases in which excessive pressures are suspected. No doubt those obstetricians in charge of much clinical material may find opportunities for undertaking or assisting in a research so important and so full of promise for a real advance in obstetric medicine. appeared to look upon the ascent of the expanding uterus as something quite wonderful. What was there so wonderful in this, and in what way did it differ from the ascent of the bladder due to its distension ? In both cases the expansion took place in a regular manner, the fundus of the pregnant uterus rising at the average rate of 1J in. per month, but the base of the uterus remained at the same level throughout the greater part of pregnancy. If the uterus rose from the pelvis as a balloon ascends from the ground it would indeed be wonderful. Dr. Griffith asked Dr. Paramore what he meant by the sentence on p. 300 "the specific gravity of the pregnant uterus with contents is approximately that of water." Dr. Griffith could assure him that the contents of the pregnant uterus reached as early as the third month to 1'030 and at full term to. 1'050. Dr. Griffith hoped Dr. Paramore fully realized the nature of the difficulties before him in his attempts to prove that intra-abdominal pressure was the main cause of the toxaemia of pregnancy.
The PRESIDENT said: Dr. Paramore's paper is important as it is intended to be a preliminary to a further paper which is to show that the toxeemias in pregnancy are due to an abnormal increase of intra-abdominal pressure.
To-night he has confirmed the view already largely held that intra-abdominal pressure is increased in normal pregnancy, and has endeavoured to prove that it is due to increased tonic contraction of the abdominal (muscle) wall and of the thoracic diaphragm. He rests his proof of this largely on the increase of pressure which he and others find in the rectum of pregnant women, and he considers that this increase of pressure, with variations in different postures, is due to the same cause as the intra-abdominal pressure. Further, he considers that the amount of intra-rectal pressure is a reliable index of the intraabdominal pressure. That is a line of argument I find it difficult to follow. The tone or tonic contraction" of which he speaks is the contraction of the muscle at rest. If so, is the rectum a good index ? Surely putting a rubber bag, a foreign body, into the rectum must increase the intra-rectal pressure, for it adds to the rectal contents, and is liable to induce peristalsis throughout the whole bowel. It thus would almost certainly increase the local tension quite apart from intra-abdominal pressure. The same objection holds good to pressure tests made in bladder and stomach. The further fact that muscles in the abdominal wall and diaphragm are found hypertrophied during pregnancy is only what one would anticipate. They are preparing for the expulsive efforts needed at parturition. This does not, however, prove that this musculardevelopment is the cause of the increased intra-abdominal pressure. How is it that intra-abdominal pressure in pregnant women does not go on increasing till the end of pregnancy? How is it that pressure is not invariably more in primiparwe than multipara, for surely in the former the tone or tonic contraction would be greater ? Has Dr. Paramore found out what the intra-rectal pressure is when the abdomen has been opened? Does it then represent atmospheric pressure? Why should not the elongation and stretching of the abdominal muscles associated with pregnancy, and the broadening of the thoracic diaphragm, be the result of the increased intra-abdominal pressure instead of its cause? Personally, I think much more proof will be needed before we adopt this first step in Dr. Paramore's argument, for it is almost certain that although pregnancy toxaemia may be associated with increased intra-abdominal pressure, both the toxamia and the increased pressure are due to bio-chemical causes.
Mr. GLENDINING agreed with the remarks of the President as to the little value of intra-visceral pressure as an index of intra-abdominal pressure. The only reliable method of obtaining information concerning this pressure was by some form of manometer introduced into the peritoneal cavity. The separation of the rectus muscles was erroneously ascribed to stretching of the transversalis muscles. It was in reality due to stretching of the fascia which united the transversalis muscles in front, and which herniated between the recti and caused them to be separated. Further, a stretching of the transversalis muscles attributed to a continuous strain of increased intra-abdominal pressure was untenable when it was realized that these muscles were well supported during the night for the side on which the patient rested, and during the greater part of the day on both sides.
Dr. EDEN said he thought great credit was due to the author for the evident enthusiasm with which he had worked, and for his courage in reviving a mechanical theory of a pathological condition at a time when the tendency was to attribute nearly everything to bio-chemical causes. He thought they would all be deeply interested in the paper which the author told them was. in preparation, 'and which was to prove that the toxeemias of pregnancy were due to increased intra-abdominal pressure. With regard to the present paper he was disposed to think that it contained too much theory and too little fact. The absence of control observations on non-pregnant women and on other forms of abdominal distension such as ovarian and fibroid tumours, greatly weakened the force of the author's arguments. He thought also that some of the author's conclusions, although not in themselves unreasonable, were inadequately supported by his facts. For example it was stated that the abdominal muscles of corpulent women were unusually powerful, and the conclusion deduced that the muscles had become hypertrophied as the result of increase in the visceral mass due to deposits of fat in the omentum, mesentery, renal region, &c. But it was quite possible that these persons were muscular before they became corpulent, not corpulent before they became muscular. If the author was right in thinking that the transversales muscles during pregnancy underwent spastic changes consisting partly of hypertrophy and partly of degeneration, why did he not seek histologicalproof of this conclusion? Definite microscopical changes could be found in muscles which were the seat of spastic degeneration. When Dr. Paramore came to apply his present results to the question of the causation of toxaemia Dr. Eden hoped that the evidence he brought forward would be more convincing, for it would be a difficult task to upset the careful aind scientific work of the last few years, which carried to the minds of most men the conviction that this condition was due to bio-chemical, not to mechanical changes. Dr. R. H. PARAMORE, in reply, said he wi'shed to thank the Fellows of the Society for receiving his paper and for the criticisms bestowed on it. Dr. Griffith had drawn attention to the statement made in the paper that the specific gravity of the pregnant uterus was approximately that of water, and pointed out the specific gravity of the fcetus and liquor amnii was greater than water. Dr. Paramore admitted this at once. The statement referred to was used or implied by those investigators who had measured the pressure in the rectum and had formed opinions from their results. They had assumed the specific gravity of the collective viscera with their contents to be approximately equal to that of water, and since the column of water supported by the rectal pressure was always more or less equal to the height of the visceral column, they argued the pressure in the rectum is due alone to the visceral weight and not at all to the compression of the abdominal viscera by the abdominal wall and diaphragm. Dr. Paramore had shown that even accepting such premises the conclusion was invalid. He thanked Dr. Griffith for pointing out the misuse of the suffix "para." It ought to have been "gravida"; and this change had been made in the paper. Criticism had been raised as to the method of measuring the intra-abdominal pressure. Mr. Glendining had said the only way to measure the pressure was by introducing a bag into the peritoneum; and the President thought that introducing a bag into the rectum would cause peristalsis. It was, however, impossible to obtain any idea of the pressure and its variations within the abdomen by introducing a bag into the peritoneal sac. For that, the patient would have to be anasthetized and the muscles of the abdomen would be paralysed. If the pressure within the abdomen during pregnancy had any relation to disease, such as heart disease, it was necessary to have some idea of the pressure during consciousness and during states of activity. Such could only be obtained by measuring the pressure in one or other of the accessible viscera. If a small bag, such as an ordinary fingerstall, was put into the rectum it might cause some slight change in the pressure conditions; but such was negligible, it certainly did not mask the true state of affairs. When, for instance, the patient got into the knee-chest position, the manometer showed the pressure was negative; in which case it was clear the rectal musculature was not contracted. And in other positions variations, due to respiration, occurred in the rectal pressure. So also measurements of the pressure in the stomach showed oscillations due to the heart-beat. These changes could not occur if the muscular walls of the rectum and stomach respectively were contracted. It showed they were uncontracted. He (Dr. Paramore) thanked Mr. Glendining for the interest he had shown in the paper. He would, however, remind him that the median aponeurosis was a part of the flank muscles. How did Mr. Glendining explain the stretching of the aponeurosis if the transversales muscles played no part in it ? This aponeurosis did not stretch in the transition from the slim to the corpulent state; nor as a result of the growth of ovarian cysts or of fibroid tumours. Clearly the stretching in pregnancy was the result of the inadequate relaxation of the muscle fibres of the transversales, which was prevented from occurring during resting conditions by the continued and rapid rate of growth of the uterine contents. This progressive expansion caused an increased tonic contraction of the muscle-fibres, of such an order and so persistent that both the muscular and aponeurotic parts of the transversales suffered. The degeneration or the atropby which ensued showed itself as a weakness during activity; but the increased tonic contraction of the muscle-fibres with which the atrophic change was associated caused an increased compression of the viscera to be maintained even during resting conditions-i.e., during sleep at night. It was clear-to answer a criticism of the President-that the stretching, the yielding, was the result of the intra-abdominal pressure-the stretching tended to allow the pressure to fall; but the resistance to the stretching was the cause of the pressure-it tended to maintain the pressure high. The question has been raised: Supposing the pressure was increased, what then? The answer to this was plain. The abdomino-pelvic cavity was a closed space filled with incompressible but deformable viscera. These viscera were compressed continuously by the abdominal wall and diaphragm, and this compression caused a squeezing out of the blood from the abdominal viscera into the thorax. That was how the compression worked; that was what the transversales and diaphragm were for. It had been thought that this effect was produced by compressing the veins in the abdomen alone; but the compression had another effect, it compressed the blood within the capillaries and affected the blood-flow through the visceral capillaries. If the intra-abdominal pressure became raised and was maintained persistently raised, it was not difficult to see that the blood-flow through visceral capillaries would be affected. Dr. Eden bad thought the proof that the pressure within the abdomen in pregnancy was maintained raised was unsatisfactory. He bad said there was too little fact and too much theory. But the point was: Was the theory sound? For facts alone could prove little or nothing. How long had the fact of pulsation of arteries been observed before the significance of that pulsation was discovered? The facts presented in the paper were: The increase in intra-rectal pressure, not only in the erect and supine positions, but also in the lateral at ease; the hypertrophy of the pelvic floor musculature; the increase in length of the muscle-fibres of the transversales and the separation of the recti; the increase in length of the fibres of the diaphragm-all occurring in pregnancy; and the important fact that increase in length of (striated) muscle, caused by stretching, induces an increase in tonic contraction of that muscle. This was an astounding, yet easily ascertainable, fact; but speakers had passed it by. In light of it, Mr. Glendining's criticism as to the state of the transversales in pregnancy was void of meaning; to Dr. Paramore the criticism was unintelligible. Were not these facts sufficient for Dr. Eden? The author had referred to the pressure in the stomach in pregnancy. Owing to lack of clinical material, he had been unable to make observations as to that fact; but Dr. Eden and other obstetricians had plenty of such material. It would interest the author to see what use they made of that material. Dr. Paramore had referred to the condition of the transversales in corpulency to elucidate the 333 334 Paramore: Intra-abdominal Pressure in Pregnancy condition of those muscles in pregnancy and to explain the separation of the recti. Dr. Eden had thought the hypertrophied state of these muscles in corpulency raight be explained by the individual being well developed muscularly before becoming corpulent, and that no hypertrophy need necessarily occur by becoming corpulent. He had said the only way to prove the pelvic floor hypertrophied in the transition from the slim to the corpulent state was by palpating the pelvic floor in a patient who was thin, and then again palpating it in the same patient when she had become fat-i.e., after an interval of two or three years. That, to Dr. Paramore, was an absurd criticism. It was impossible of application. In the case of the transversales it was clear their muscle fibres had become longer in corpulency; the muscles either must have relaxed, in which case they would have become thinner and weaker, or they must have hypertrophied. And Dr. Eden appeared to admit they were hypertrophied in corpulency. One had also the fact that palpation showed the excellent condition of the transversales in corpulency. How, then, could Dr. Eden maintain his position that these muscles might have been as well developed in the individual when in the non-corpulent state? That Dr. Eden's objection was untenable was shown by the fact that the intra-rectal pressure was increased in corpulency-was greater than in individuals with flat abdomen, even in those who were well developed muscularly, and who, physically, were quite strong.
In answer to Dr. Eden's question-Why had he (the author) not examined the transversales muscles in pregnancy microscopically ?-he would frankly say it had not occurred to him to do so. Such examination might yield important information. At the same time he thought the evidence in the paper (facts and reasons) sufficient to allow one to conclude that the transversales muscles did degenerate or atrophy as a result of pregnancy. Surely Dr. Eden did not doubt they did so ? It would be strange to find anyone who entertained such a doubt. This degeneration could only be associated with a state of spasm, a condition brought on by over-work-rather by over-stimulation----caused by the muscles being stretched persistently for a prolonged period, with a resulting increase in intra-abdominal pressure.
The author was not afraid of advancing to the further question: The relation of the increased intra-abdominal pressure in pregnancy to the toxLemias of pregnancy. He believed the majority of obstetricians accepted the biochemical hypothesis for want of a better. It had not been proved; it was built on suggestion, and it was, to say the least, an unreasonable hypothesis. The mechanical theory had been abandoned because, although obstetricians had half-beartedly believed the intra-abdominal pressure was increased in pregnancy, others had denied the pressure was increased, and it had never been proved that an increase occurred. The author felt he had proved that such an increase did occur. The proof rested on the fundamental fact that muscle increases in tone when it is stretched. On this rock, which speakers had not struck, a theory capable of standing might be raised.
